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There are increasing research efforts on the possibilities of the utilization of 
natural sources of bioactive compounds for the dietary management of certain 
degenerative diseases due to their deleterious health effects associated with the 
the use of synthetic chemicals. Therefore, this study evaluated the yield of total 
phenol from bambaranut, cowpea, red bean and pigeon pea. A set of single 
factor experiments, namely solvent types (acetone, ethanol and methanol), 
solvent concentration (20 – 100 %, v/v), extraction time (30 – 50 min) and 
extraction temperature (40 – 60 C), were evaluated for the optimization of 
total phenol recovery. The results show that extraction variables significantly 
(p < 0.05) affected the total phenol yield. Ethanol at 60% concentration (v/v) 
incubated at 50 C for 40 min gave the highest total phenol (217.11 mg/100 g) 
yield in bambaranut. In cowpea, ethanol at 90% concentration (v/v) incubated 
at 50 C for 50 min gave the highest total phenol (192.61 mg/100 g). Methanol 
at 100% concentration incubated at 50 C for 40 min gave the highest total 
phenol (212.00 mg/100 g) in the red bean while methanol at 100 % 
concentration (v/v) incubated at 50 C for 40 min gave the highest total phenol 














Phytochemicals are simply bioactive plant substances 
often referred to as secondary metabolites which provide 
health benefit (Tan et al., 2013; Silva et al., 2007; Singh 
et al., 2016). Previously, they were considered as 
unwanted components in food. Their extensive studies 
have resulted in the discovery of many health benefits. 
Phytochemicals such as phenolic acids, carotenoids, 
tocopherols, terpenes are diverse in nature and are 
majorly found in fruits and vegetables, cereals and pulses 
and in the plant spices (Wu et al., 2004; Towo et al., 
2003; Sultana et al., 2007). Bambaranut is grown 
extensively in Nigeria and despite its high and balanced 
protein content and appealing cooked or roasted flavour, 
it is one of the most underutilized legumes in the country. 
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Bambaranut is a rich source of protein (20 - 25 %) which 
has more methionine than other legumes and contains 6 
- 12 % of lipids (NRC, 2006; Stephens, 2011). The bean 
is rich in mineral elements, especially phosphorus, 
magnesium, calcium, iron, copper, zinc and exhibits 
antioxidant capacity (Yao et al., 2005). Cowpea is one of 
the most important pulse crops native to central Africa. 
The seeds are referred to as ‘vegetable meat’ due to the 
high amount of protein of the grain with better biological 
value on a dry weight basis (DWB). The seeds on DWB 
contain 23.40% of proteins, 1.80% of fat and 60.30% of 
carbohydrates (Gupta, 1988). Compared to animal 
proteins, the seeds are high in minerals such as calcium 
and iron. Its vitamins (thiamin, riboflavin and niacin) 
compare favourably with the ones in lean meat and fish, 
while the iron content compares favourably with milk 
(Platt, 1962; Adams, 1984; Achuba, 2006).  
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Pigeon pea is an important food legume of the semi-arid 
tropics of Asia and Africa. It is the second most 
important pulse crop next to chickpea (Onim et al., 1985; 
Achieng and Odey, 2007). It is a good source of dietary 
minerals such as calcium, phosphorus, magnesium, iron, 
sulphur and potassium (Achieng and Odeny, 2007) and 
water-soluble vitamins especially thiamine, riboflavin 
and niacin (Salunkhe et al., 1986; Bantilan and 
Parthasarathy, 1997). 
Studies have shown that legumes constitute a large 
reservoir of phytochemicals which are beneficial in 
preventing and managing degenerative diseases (Hu, 
2003; Jacobs and Gallaher, 2004; Enujiugha, 2010). In 
recent years, research efforts have been intensified on the 
possibilities of utilization of natural sources of bioactive 
compounds for the dietary management of certain 
chronic diseases due to attendant deleterious effects 
associated with the use of synthetic compounds. Despite 
the beneficial roles of these complex compounds, there 
is a dearth of information on their availability in 
underutilised legumes. Therefore, this study was aimed 
at evaluating the effects of solvent type, solvent 
concentration,extraction time and extraction temperature 
on the yield of total phenol. This would help in 
optimising the recovery of total phenol in lesser legumes 
under investigation. 
 




Indigenous and underutilised legumes for this study 
were bambaranut (Vigna subterranean (L.) Verdc. 
(Fabaceae)), red bean, cowpea (Vigna unguiculata 
(L.) Walp) and pigeon pea (Cajanus cajan). 
The samples were procured in December, 2017 from 
Umuahia Local Market and botanically identified by 
the Department of Crop Production, Federal 




Extraction solvents used in this study were acetone, 
manufactured by Lobal Chemie Pvt. Ltd., India with 
CAS No. (64-17-5), ethanol, manufactured by 
Guangdong Guanghua Sci-Tech. Co. Ltd. India with 
CAS No. (67-64-1) and methanol manufactured by 
Lobal Chemie Pvt. Ltd., India with CAS No. (67-56-
1). All the extraction solvents were procured from 
Finlab Abuja, Nigeria. 
 
Extraction variables for total phenolic compounds  
 
Extraction conditions for total phenolic recovery were 
based on the following factors: solvent type, solvent 
concentration,extraction time and extraction 
temperature. One factor was varied at a time while 
keeping others constant. Fixed factors were particle 
size of 0.50 mm and the solvent-to-solid ratio of 
10:1 (Tan et al., 2013). 
Total phenolic was extracted in 60% (v/v) methanol, 
60% (v/v) ethanol and 60% (v/v) acetone at 
extraction time of 180 min and extraction 
temperature of 28 ± 2 C. The optimal extraction 
solvent was selected upon the highest value of total 
phenolic compound TPC (mg GAE/100 g DW). 
Total phenol was extracted from the sample using a 
solvent that gave the highest content. The best 
solvent was used at different concentrations ranging 
from 20% (v/v) to 100% (v/v) for the extraction, 
while holding the other two independent variables, 
which were the extraction time (180 min) and 
extraction temperature (28 ± 2 C), at a constant 
level. The optimal solvent concentration was 
selected upon the highest value of TPC (mg 
GAE/100 g DW). 
Based on the solvent type and solvent concentration 
selections giving optimal extraction of phenolics, 
extraction was repeated at different periods ranging 
from 30, 40 and 50 min at ambient temperature  
(28 ± 2 C). The optimal extraction time was 
selected upon the highest value of TPC (mg 
GAE/100 g DW).  
Upon the evaluation of optimal solvent type, solvent 
concentration and extraction time, extraction was 
performed at different temperatures ranging from 
40, 50 and 60 °C. The optimal extraction 
temperature was selected upon the highest value of 
TPC (mg GAE/100 g DW). 
 
Determination of total phenols in the extract 
 
Folin-Ciocalteu method as described by Rajha et al. 
(2014) was used. An aliquot of 10 μL of the sample 
solution was mixed with 100 μL of commercial Folin-
Ciocalteu reagent and 1580 μL of water. After a brief 
incubation at room temperature (5 min), 300 μL of 
saturated sodium carbonate was added. The colour 
generated was read after 2 h at room temperature at 
760 nm using a UV-Vis spectrophotometer (UV-9200, 
UK). The correlation between the absorbance and 
gallic acid concentrations creates a calibration 
standard curve. The phenolic compounds 
concentration of the samples was expressed as gallic 
acid equivalents in mg/L, then the Total Phenolic 
Compounds yields (TPC) were calculated by 
transforming milligrams of Gallic Acid Equivalent 
(GAE) per litre (mg GAE/L) into grams of GAE per 
100 g dry matter (g GAE/100 g DM). 
 




The total phenol content from each sample was 
determined in triplicate. The data generated were 
analysed using the analysis of variance (Steel and 
Torrie, 1980). The difference between mean values 
was determined by the least significant difference test. 
Significance was accepted at the 5% probability level. 
Processed data were expressed in a bar chart format as 
mean ± standard deviation (SD). 
 
Results and discussion 
 
Solvent types evaluation on total phenol content 
 
The effect of solvent type on total phenol content is 
shown in Fig. 1. The three solvents evaluated (acetone, 
ethanol and methanol) did not significantly (p > 0.05) 
affect the total phenol content of bambaranut, red bean 
and pigeon pea, while in cowpea ethanol gave 
significantly (p < 0.05) higher yield of total phenol 
(118.65 mg/100 g). To rationalize the disparity in the 
total phenol yield of different food materials Nobre et 
al. (2005), Liyana-Patthirana and Shahidi (2004) and 
Chew et al. (2014) reported that extraction solvent, 
solvent concentration, food particle size, extraction 
time and temperature, extraction pH, plant species and 
agronomic practice play significant roles. The 
extraction of total phenol is dependent on the ability of 
the extraction solvent to dissolve the compound in the 
food matrix. Goli et al. (2004) and Nur Syukriah et al. 
(2014) revealed that phytochemicals are either water 
soluble such as polyphenols or lipid soluble such as 
carotenoids. Since both polar and nonpolar solvents 
evaluated gave statistically similar total phenol yield 
in the legume samples evaluated, it can be deduced 
that the phenol profile of legumes under investigation 
are spread in both polarities. Though, solvent types did 
not significantly affect phenol yield in bambaranut, 
red bean and pigeon pea, but from the point of view 
the highest total phenol yield, economy and safety, 
ethanol was selected for bambaranut, while methanol 
was selected for pigeon pea and red bean for 
subsequent evaluation of other extraction variables. 
 
Effect of ethanol concentrations (20 – 100 %, v/v) on 
bambaranut total phenol content  
 
The effect of ethanol concentrations on bambaranut 
total phenol content is shown in Fig. 2. The result 
shows that ethanol concentrations did not significantly 
(p > 0.05) affect the total phenol content except at 90% 
concentration (v/v) which was significantly (p < 0.05) 


































Fig. 2. Effect of ethanol concentrations on bambaranut total phenol content 
 
The total phenol extract ranged from 135.54 mg/100 g to 
145.47 mg/100 g. The result suggests that bambaranut 
phenol content at different ethanol concentrations is 
soluble in both low, moderate and high ethanol 
concentrations. Furthermore, different concentrations of 
solvent used had no effect on the solubility, swelling 
power of the plant matrix and phenol extractability. 
Therefore, bambaranut contains diverse phenolic 
compounds with diverse polarities. This agrees with 
Chew et al. (2011) who reported a high yield of total 
phenol in Centella asiatica at different ethanol 
concentrations. Based on the result of this study, the 
highest total phenol content was attained at 60% ethanol 
(v/v); hence, this concentration was chosen for time and 
temperature optimization. 
 
Ethanol concentration evaluation on cowpea total 
phenol content 
 
Fig. 3 shows the effects of ethanol concentrations (20 – 
100 %, v/v) on cowpea total phenol content. The result 
shows that ethanol concentration significantly (p < 0.05) 
affected the total phenol content of cowpea. The value 
ranged from 138.85 mg/100 g to 151.82 mg/100 g. The 
highest yield of phenol (151.82 mg/100 g) was given by 
90% (v/v) ethanol and this was followed by 30% (v/v) 
ethanol (147.91 mg/100 g). Ethanol concentrations at 
20%, 40%, 60% and 70% (v/v) did not significantly  
(p > 0.05) differ in their total phenol content, while 
ethanol concentrations at 50%, 80% and 100% (v/v) 
were significantly (p < 0.05) low in their total phenol 
138.85 mg/100 g, 140.06 mg/100 g and 140.88 mg/100 
g, respectively. A general principle in solvent extraction 
is that polar solvent dissolves polar compounds while 
non-polar solvent dissolves non-polar compounds. This 
implies that the polarity of the extraction solvent must be 
similar to the polarity of the phytochemicals (Zhang et 
al., 2007 and Chew et al., 2011). Thus, cowpea bean 
contains diverse phenolic compounds with different 
polarities. The highest total phenol content  
151.82 mg/100 g was achieved at 90% (v/v) ethanol. 
Therefore, it can be suggested that most of the phenolic 
compounds in cowpea bean are less polar in nature. 
 
Effect of methanol concentrations (20 – 100 %, v/v) on 
red bean total phenol content. 
 
The total phenol yield as influenced by methanol 
concentrations on red bean is shown in Fig. 4. The result 
shows that methanol concentrations significantly (p < 
0.05) affected the total phenol yield. Methanol at 100% 
significantly gave the highest (147.30 mg/100 g) total 
phenol. This was followed by methanol concentration 
used at 90% (v/v) which gave 141.89 mg/100 g total 
phenol while 80% methanol (v/v) gave the lowest yield 
(131.55 mg/100 g). The total phenol range in red bean 
(131.55 – 147.30 mg/100 g) is low compared with other 
pulses 5794.63 mg/100 g in chickpea, 3365.34 mg/100 g 
in faba bean and 5614.36 mg/100 g in fenugreek seed 
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Fig. 4. Effect of methanol concentrations on red bean total phenol content 
 
The result of this study shows that less polar systems, 
90% and 100% (v/v), gave the highest yield of total 
phenol in red bean. This suggests that red bean phenol 
profile is more concentrated in low polar medium. The 
result of this finding agrees with Sultana et al. (2007) 
who reported a high yield of total phenol from the 
plant matrix extracted in a high concentration of 
methanol. For time and temperature evaluation of total 
phenol yield in red bean, 100% methanol (v/v) which 
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Methanol concentrations evaluation on pigeon pea 
total phenol content  
 
The effect of methanol concentrations, 20 – 100 % 
(v/v) on pigeon pea total phenol content is shown in 
Fig. 5. The result shows that methanol at 100% (v/v) 
concentration gave the highest yield of total phenol 
(143.31 mg/100 g). However, methanol used at low 
concentrations 20% and 30% (v/v) gave significantly 
(p < 0.05) low values, 136.01 mg/100 g and  
135.81 mg/100 g total phenol, respectively. This result 
suggests that pigeon pea total phenol profile is less 
polar. The result here agrees with Sultana et al. (2007) 
and Anwar and Przybylski (2012) who reported a high 
yield of total phenol in a high concentration of 
methanol in plant material. 
The value obtained in this study, 1.33 mg/g to 1.43 
mg/g, is lower compared with 9.44 mg/g in pigeon pea 
extracted in methanol (Rani et al., 2014). The variation 
in total phenol content within the same species but 
different traits could be attributed to agronomic 
practices, different extraction variables such as 
extraction temperature, extraction time, plant matrix 
size among others (Kraushofer and Sontag, 2002; 
Lorenc-Kukula et al., 2005; Kasote et al., 2011). For 
the evaluation of time and temperature variables on 
pigeon pea total phenol, an exclusively nonpolar 
concentration, 100% methanol (v/v), was chosen. 
 
Influence of extraction time variable on total phenol 
content of the legumes 
 
The effect of extraction time (min) on the yield of total 
phenol of legume samples is shown in Fig. 6. The 
results show that extraction time significantly  
(p < 0.05) affected the total phenol yield in 
bambaranut and cowpea. However, extraction time 
had no effect on the total phenol yield of red bean and 
pigeon pea. Extraction time is an important parameter 
that influences the total phenol recovery. It plays a role 
in minimising total cost and energy of the process 
(Chew et al., 2011 and Tan et al., 2013). Longer 
extraction time exposes phenolic compounds to 
oxygen, light and unfavourable temperature which 
increases the chance of their oxidation (Naczk and 
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Fig. 6. Effect of extraction time on total phenol content 
 
Furthermore, long extraction time predisposes the 
phenolic compounds to endogenous enzyme activity 
which reduces the total phenol recover, increases the 
potential loss of solvent via evaporation, which 
directly affects the loss of solvent-to-solid ratio 
extraction, hence, it is uneconomical from industrial 
point of view (Silva et al., 2007; Kuljarachanan et al., 
2009; Chew et al., 2011; Tan et al., 2013). Cowpea 
total phenol extracted in 90% (v/v) ethanol (176.28 
mg/100 g) at 50 min gave significantly  
(p < 0.05) higher  total phenol than those extracted at 
40 min and 60 min. Bambaranut total phenol 
extracted in 60% ethanol (v/v) at 40 min  
(180.06 mg/100 g) was significantly (p < 0.05) higher 
than those extracted at 30 min and 50 min. The 
gradual increase in the total phenol with 
corresponding increase in extraction time in cowpea 
(175.00 – 176.28 mg/100 g) can be well explained by 
Fick’s second law of diffusion which reveals that a 
final equilibrium will be attained between the 
solution concentration in the solid matrix and the 
solvent after a particular duration (Pinelo et al., 2006; 
Silva et al., 2007). Therefore, the temperature 
evaluation on total phenol content at 50 min was 
chosen. However, the phenomenon of solvent 
equilibration did not apply to bambaranut whose high 
total phenol contents were achieved at a shorter time 
(30 min). This can be attributed to possible oxidation 
of their total phenol at the extended time (40 min and 
50 min) adopted in this study. This view agrees with 
the findings of Chew et al. (2011) and Tan et al. 
(2013) who reported a low yield of total phenol in 
plant matrix at an extended time. Therefore, for 
temperature evaluation of 40 min extraction time was 
chosen for bambaranut. Since extraction time did not 
significantly (p > 0.05) affect the total phenol 
recovery in red bean and pigeon pea, hence, 
extraction time of 40 min, which gave the highest 
yield, was chosen. 
 
Extraction temperature evaluation on legume total 
phenol content  
 
The effect of temperature variations (40 C, 50 C, and 
60 C) on total phenol yield of the legume samples 
after examining the best solvent type, solvent 
concentration and optimal extraction time is shown in  
Fig. 6. The results show that extraction temperature 
significantly (p < 0.05) affected total phenol yield in 
bambaranut, red bean and pigeon pea. However, the 
extraction temperature did not significantly (p > 0.05) 












































Fig. 7. Effect of extraction temperature on total phenol content 
 
The selection of the most appropriate temperature for 
the recovery of the highest total phenol in a single factor 
experiment marked the end of the evaluation of 
extraction variables. Extraction temperature has been 
reported to significantly increase phenolic solubility, 
diffusion coefficient, reduce solvent viscosity, improve 
the rate of mass transfer and increase the rate of solvent 
penetration into the plant matrix and these favourably 
accelerate the recovery/yield of total phenol (Tan et al., 
2013; Silva et al., 2007; Hemwimon et al., 2007). The 
result of this study shows that there was a steady 
increase in the total phenol content with a 
corresponding increase in temperature from 194.72 to 
212.00 mg/100 g, 197.11 to 217.11 mg/100 g and 
193.22 to 194.67 mg/100 g in bambaranut, red bean and 
pigeon pea, respectively. The increase in total phenol 
observed in this study from 40 to 50 C extraction 
temperature could be attributed to increasing solubility 
and diffusion coefficient of the phenolic compounds, 
adequate mass transfer and penetration of solvent into 
the plant matrix, disruption of phenolic-macromolecule 
complex as well as softening of the plant matrix for easy 
penetration of mild heat and solvents adopted for this 
study (Al-Farsi and Lee, 2008; Wang et al., 2008; Tan 
et al., 2013; Shi et al., 2005). However, at 60 C 
extraction temperature, there was a significant decrease 
in the total phenol content. This trend agrees with the 
findings of Liyana-Pathirana and Shahidi (2005) and 
Tan et al. (2013) who reported that elevating the 
extraction temperature to a certain level might result in 
the concurrent disruption of the total phenol mobilised 
at low temperature. Furthermore, Cacace and Mazza 
(2003), Tan et al. (2013) and Abad-Garcia et al. (2007) 
asserted that extraction at elevated temperature causes 
the degradation of polyphenolic compounds, their 
polymerization with other molecules and occurrence of 
an internal redox reaction, which significantly reduce 




For maximum yield of total phenol it is therefore 
recommended that bambaranut is extracted in 60% 
ethanol (v/v) for 40 min at 50 C, cowpea in 90% 
ethanol (v/v) for 50 min at 50 C, red bean in 100% 
methanol for 40 min at 50 C and pigeon pea in 100% 
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